Introduction
Gastric cancer (GC) is one of most common cancers worldwide, even if the incidence rate is decreasing in certain regions. Almost 951,600 new patients were diagnosed with GC in 2012 (1) . The survival rate of patients with GC remains relatively poor, since the majority of cases are already in the late stage at diagnosis, and surgery and chemotherapy result in an unsatisfactory prognosis. Serum tumor markers are useful for diagnosis, for predicting survival rates and for monitoring recurrence following surgery (2, 3) . Carcinoembryonic antigen (CEA), carbohydrate antigen (CA) 19-9 and CA72-4 are the most frequently used clinical markers. It has been demonstrated that they are useful in the diagnosis, treatment and prognosis of GC (4) (5) (6) (7) (8) . However, the specificity and sensitivity of serum tumor markers considered in isolation are not satisfactory in GC, particularly in the early stage (9) . Therefore, certain researchers have previously used combinations of markers, since they can improve the sensitivity for diagnosis of GC (10) (11) (12) . Yang et al (13) demonstrated that the sensitivities of CA72-4, CEA, cancer antigen 125 (CA125) and CA19-9 for GC were 33.0, 25.5, 31.1 and 38.7%, respectively. However, the sensitivity of the four markers in combination increased to 66.0%. Similarly, the individual sensitivities of CEA and CA19-9 were 30 and 42%, respectively, although this increased to 58% when CEA and CA19-9 were combined (14).
Ychou et al (15) reported a similar result, with a sensitivity of 75% when CA72-4, CEA and CA19-9 were combined. The above results may be explained simply by different markers being positive in different patients. However, to the best of our knowledge, the fundamental cause underlying this phenomenon remains to be fully elucidated. In the present study, the differences and correlation of these three biomarkers in patients with GC were investigated, with the aim to evaluate how the three biomarkers in combination work more effectively than any of the biomarkers considered alone.
Materials and methods

Patients.
A total of 216 patients from Liaocheng People's Hospital (Shandong, China) were enrolled between January 2011 and December 2013. Of the patients, 172 (79.63%) were men and 44 (20.37%) were women. The median age was 62 years (range: 20-85 years). The patients' age, gender, tumor histological type and extent of the primary tumor/involvement of regional lymph node/distant metastases (TNM) stage of the cancer were collected from the medical records. The cohort of patients included those who received radical, palliative surgery or chemotherapy. The tumor histological type was determined on the basis of the Japanese Gastric Cancer Association classification system (2010) (16) . The T-and the N-stages were not identified in 23 and 29 of the total patients, respectively, since these patients did not receive a radical gastrectomy. These patients were therefore excluded from the statistical comparison performed for the T-and N-stage groups. Papillary adenocarcinoma and well-/moderately-differentiated tubular adenocarcinoma were classified as differentiated-type carcinoma, whereas poorly differentiated adenocarcinoma, signet ring cell carcinoma and mucinous carcinoma were classified as undifferentiated-type carcinoma. The TNM stage was determined according to the 7th edition of the International Union Against Cancer Classification (2010) (17) .
Biomarkers. The serum levels of CEA, CA19-9 and CA72-4 were detected on admission of the patients to hospital, when the patients had not received any surgery, chemotherapy or radiotherapy. The normal reference values were as follows: CEA, ≤5 ng/ml; CA19-9, ≤39 U/ml; and CA72-4, ≤6.9 U/ml. Patients were considered positive for CEA, CA19-9 or CA72-4 when the serum levels were identified to be greater than the above-mentioned values. Patients were considered positive for the parallel test when the serum level of any of CEA, CA19-9 or CA72-4 was greater than its normal value.
Statistical analyses. Differences in the positive rates (categorical variables) of CEA, CA72-4 and CA19-9 were analyzed using the χ 2 test, and f correlation analysis was used to study the correlation among the expression levels of CEA, CA19-9 and CA72-4. The serum levels of CEA, CA19-9 and CA72-4 were described using median values. The differences in serum levels of the biomarkers were compared using the non-parametric Wilcoxon two-sample test. The correlation between serum levels of biomarkers was analyzed using Spearman's rank correlation coefficient test. All the data were analyzed using SAS version 9.0 software (SAS Institute, Inc., Cary, NC, USA). P<0.05 was considered to indicate a statistically significant difference. 
Results
Differences and correlation of positive rates of CEA, CA19-9 and CA72-4. The positive rates for CEA, CA19-9 and CA72-4 were 22.69 (49/216), 18 .98 (41/216) and 22.69% (49/216). The positive rate of the parallel test of CEA, CA19-9 and CA72-4 was 44.91% (97/216), which was significantly higher compared with the individual CEA, CA19-9 and CA72-4 positive rates (all P<0.05; Fig. 1 ). In subgroups based on gender, age, histology, T stage, N stage, M stage and TNM stage cancer, the majority of the individual positive rates for CEA, CA19-9 and CA72-4 were significantly lower compared with the parallel test positive rates (P<0.05). However, no significant differences were identified between the parallel test positive rates, the CA19-9 Differences in the positive rates (categorical variables) of CEA, CA72-4 and CA19-9 were analyzed using the χ 2 test. a
The TNM stage was determined according to the 7th edition of the International Union Against Cancer Classification (2010) (17) . CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CA72-4, carbohydrate antigen 72-4.
and CA72-4 positive rates in the women patients, or between the parallel test positive rates and the CEA and CA72-4 positive rates in the T1/2 and M1 subgroups (P>0.05).
As shown in Table I , the positive rate of CEA, CA19-9 or CA72-4 did not differ significantly in all 216 patients. In the subgroups, no significant difference was identified in the positive rate of CEA, CA19-9 and CA72-4, with the exception of the T1/2-stage patients (χ 2 =6.810, P=0.033). Table I) .
The phi (f) correlation analysis demonstrated that no significant correlation existed between the expression levels (positive or not) of CEA and CA19-9 in all 216 patients. However, a significant correlation did exist between the expression levels of CEA and CA72-4, and between that of CA19-9 and CA72-4, in all cases. In all the subgroups, no significant correlation was identified between CEA and CA19-9. However, a significant correlation was identified between the expression level of CEA and CA72-4 in men, in patients aged >60 years, in patients exhibiting an undifferentiated histology and in the M0 subgroup of GC, although not in other subgroups. The majority of the f correlations between the expression levels of CA19-9 and CA72-4 were significant in patients aged ≤60 years, and in those with undifferentiated histology or N(+), M0 or TNM-III/IV stage cancer (Table II) . Table II . Correlation between the expression of CEA, CA19-9 and CA72-4 in patients with gastric carcinoma with respect to different clinicopathological features. Phi correlation analysis was used to study the correlation among the expression levels of CEA, CA19-9 and CA72-4. a Fisher's exact test with two-sided P-value. Tx represents a primary tumor that cannot be assessed; Nx represents regional lymph node(s) that cannot be assessed. coef, coefficient; Diff, differentiated; Undiff, undifferentiated; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CA72-4, carbohydrate antigen 72-4.
Differences and correlation of the serum levels of CEA, CA19-9 and CA72-4. The median serum levels of CEA, CA19-9 and CA72-4 were 2.230 (range, 0.2-152.7) ng/ml, 7.50 (range, 0-1057.9) U/ml and 2.51 (range, 0.503-300.0) U/ml, respectively. The three-dimensional scatter plot is shown in Fig. 2 .
The Wilcoxon two-sample test revealed that the serum levels of CEA differed significantly, according to the gender. The serum level of CEA was higher in women compared with men (2.465 vs. 1.175 ng/ml). No significant differences were identified in the serum level of CEA according to age, histology, or the T, N, M or TNM stages of cancer. The serum levels of CA19-9 in the T3/4 and the TNM-III/IV stages were significantly higher compared with those in the T1/2 and the TNM-I/II stages, respectively. The serum level of CA72-4 in the T3/4, M1 and TNM-III/IV stage subgroups was significantly higher than in the T1/2, M0 and TNM-I/II stage subgroups. No significant differences were identified in the serum level of CA19-9 and CA72-4 in the other clinicopathological subgroups. These results are shown in Table III. Spearman's correlation analysis showed that there were significant correlations between the serum levels of CEA and CA19-9, of CEA and CA72-4, and of CA19-9 and CA72-4 in all 216 patients (Table IV) . Regarding the subgroups, there were significant correlations between the serum levels of CEA and CA19-9 in men, women, patients aged >60 years, and those with differentiated tumors, undifferentiated tumors, and T3/4, N(+), M0, TNM-I/II or TNM-III/IV stage cancer, but not in patients aged ≤60 years and those with T1/2, N(-) or M1 stage cancer. In the majority of subgroups, there were significant correlations between the serum levels of CEA and CA72-4, except in the cases of T1/2, N(-) and M1 stage cancer. A significant correlation was identified between the serum levels of CA19-9 and CA72-4 in women patients, those aged ≤60 years, those with undifferentiated tumors and those with N(+), M0 and TNM-III/IV stage cancer, although not in the other subgroups.
Discussion
CEA was originally described by Gold and Freedman in 1965 (18) ; it is a glycoprotein that belongs to the immunoglobulin superfamily. CEA is used predominantly for the management of colorectal carcinoma, and its levels may be increased in gastric, lung, pancreatic and breast carcinoma. CA19-9 was first isolated by Koprowski et al (19) in 1979; it is a high-molecular-mass mucin glycoprotein complex that is associated with the Lewis A blood group. CA19-9 is used primarily as a tumor marker for pancreatic cancer, although it has been used as a tumor marker in other gastrointestinal cancers, including colorectal and gastric carcinoma, and gallbladder cancer. It may also be increased in several benign diseases, including pancreatitis and cholelithiasis. CA72-4 was first described by Colcher et al (20) in 1981: It is a glycoprotein with a molecular mass >1000 kDa and is associated with the sialylated Lewis Tn group. It is a tumor marker for numerous cancers, including breast, ovarian, colorectal and pancreatic cancer, and it has good specificity for GC.
No significant differences were identified in the positive rate of CEA, CA19-9 and CA72-4 in all 216 patients, and almost all the subgroups, in the present study. Only ~20% of all the patients with GC exhibited positive rates of CEA, CA19-9 and CA72-4. The results in the present study were similar to those previously obtained: In a systematic review (9) of 187 publications with data for CEA and CA19-9, and 19 publications with data for CEA, CA72-4 and CA19-9, the positive rates were 21.1% for CEA, 27.8% for CA19-9 and 30.0% for CA72-4. In a study of 149 Chinese patients with GC, He et al (10) demonstrated that the positive rates for CEA and CA19-9 were 17.4 and 20.8%, respectively, which were not significantly different. In a subsequent study of Chinese patients with GC, the preoperative serum positive rate of CEA was 24.0%, which was similar to the serum positive rate of CA19-9 (18.9%) (21). Mittal et al (22) demonstrated that the positive rate of CEA Figure 2 . Three-dimensional scatter plot of the serum levels of CEA, CA19-9 and CA72-4. The left lower graph includes all the data, and the right upper graph includes a portion of the data (CEA, ≤10 ng/ml; CA19-9, ≤80 U/ml; and CA72-4, ≤14 U/ml). CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CA72-4, carbohydrate antigen 72-4.
was lower compared with that of CA19-9, although no significant differences were identified between the positive rate of CEA and CA72-4, or of CA19-9 and CA72-4. In previous studies (6, 23) , the positive rate of CEA was determined to be lower compared with that of CA19-9 and CA72-4.
The positive rate of the parallel test for CEA, CA19-9 and CA72-4 was significantly higher compared with the individual positive rates for CEA, CA19-9 and CA72-4 in all 216 patients. In the subgroups, the majority of the parallel test positive rates were also higher compared with the individual CEA, CA19-9, and CA72-4 positive rates.
In the gender, age and histological subgroups, no significant differences were identified in the positive rate of CEA, CA19-9 and CA72-4. The serum levels of CEA, CA19-9 and CA72-4 did not differ significantly on the basis of gender, age or histological classification, with the exception of the serum level of CEA, which differed between the genders. The results of the present study were supported by those of previous studies. No significant differences were identified in the positive rate of CEA, CA19-9 and CA72-4 between men and women, between patients aged <60 and ≥60 years, or among the various histological types (24). Ucar et al (25) demonstrated that no significant differences existed among the positive rates of CEA, CA19-9 and CA72-4, according to gender or the histological type (intestinal or diffuse). Choi et al (8) demonstrated that the positive rate of CA19-9 was not correlated with gender and age, although it was correlated with histological type. Yajima et al (26) identified that the serum levels of CA19-9 did not correlate with gender, age or histological type.
The positive rate of CEA did not increase in association with the progression of GC. The significant difference of the positive rate of CEA was presented only in the M subgroup. No significant differences were identified in the positive rates of CEA according to the T, N or TNM stages of cancer in the present study. These results are supported by previous studies: Cidon et al (23) demonstrated that the positive rate of CEA in early-stage GC did not differ from that in advanced-stage GC. Ucar et al (25) identified that the positive rate did not correlate with the TNM stage of cancer, serosal involvement or the N stage, although it was correlated with liver involvement. However, a number of previous studies indicated that the positive rate of CEA does increase with tumor progression. In a systematic review, Shimada et al (9) revealed that the positive rate of serum CEA was significantly correlated with the TNM stage. Tian et al (27) demonstrated that there were significant differences in the positive rate of serum CEA between Table III . Comparison of the serum levels of CEA, CA19-9 and CA72-4 with respect to different clinicopathological features in patients with gastric carcinoma. The non-parametric Wilcoxon two-sample test was used for the comparison of the differences in serum levels of the biomarkers.
a Two-sided P-values. ClinPath, clinicopathological; Diff, differentiated; Undiff, undifferentiated; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CA72-4, carbohydrate antigen 72-4. the T1/2 and T3/4 stages, and between cases with lymph node metastasis and those with no lymph node metastasis.
The positive rate of CA19-9 increased with the progression of GC. The positive rate of CA19-9 in the T3/4, N(+) and TNM-III/IV subgroups was higher compared with that in the T1/2, N(-) and TNM-I/II subgroups. Shimada et al (9) presented similar results on the basis of a systematic review, which identified that the positive rate of CA19-9 increased with the TNM stage. These results indicated that CA19-9 is an improved marker for GC prognosis (28). Lee et al (11) identified that the positivity of CA19-9 increased significantly with GC progression, similarly to the results in the present study. The positivity of CA19-9 was 4.0% in stage I, 6.8% in stage II, 13.9% in stage III and 24.1% in stage IV GC. A previous study (21) revealed that the positive rate of CA19-9 was not correlated with the T, M or TNM-stage GC cases. Another study demonstrated that there were significant increases in the level of CA19-9 in patients with GC, with direct invasion and extensive peritoneal seeding (29) .
The positive rate of CA72-4 increased in accordance with the progression of GC. The positive rate of CA72-4 in the T3/4, M1 and TNM-III/IV subgroups was higher compared with that in the T1/2, M0 and TNM-I/II subgroups. A systematic review by Shimada et al (9) indicated that the positive rate of CA72-4 increased with the TNM stage. The specificity of CA72-4 for GC is higher compared with that of CEA and CA19-9. A meta-analysis of Chinese patients with GC (30) demonstrated that CA72-4 was selected as the preferable single test, with the highest accumulated accuracy among tumor markers, including CA72-4, CA12-5, CA15-3, CA19-9, CA24-2 and CEA. The CA72-4 was identified as a tumor marker for late-stage GC in previous studies. Emoto et al (31) determined that the sensitivity of CA72-4 for the peritoneal metastasis of GC was 45%, which was higher compared with that of CEA and CA19-9. Patients with ovarian metastasis exhibited significantly higher levels of CA72-4 (31).
The serum levels of CA19-9 and CA72-4 increased with tumor progression, although the serum level of CEA did not. CEA was revealed not to be higher in the T3/4, N(+), M1 and TNM-III/IV stages, compared with the T1/2, N(-), M0 and TNM-I/II stages. The serum level of CA19-9 was higher in the T3/4 and TNM-III/IV stages compared with the T1/2 and the TNM-I/II stages. The serum level of CA72-4 was higher in the T3/4, M1 and TNM-III/IV stages compared with the T1/2, M0 and TNM-I/II stages. Subsequently to the aforementioned results, the serum level of CA19-9 and Table IV . The correlation between serum levels of CEA, CA19-9, CA72-4 in patients with gastric carcinoma in different clinicopathological features.
CEA vs. CA19-9 CEA vs. CA72-4 CA19-9 vs. CA72-4 CA72-4 in the TNM-III/IV stage was higher compared with the TNM-I/II stage, although there were conflicting results for the difference in the serum level of CA19-9 and CA72-4 in the T, N and M stages. Han et al (29) identified that the mean values of CEA did not differ significantly among the serosa-unexposed, serosa-exposed, direct invasion and localized peritoneal seeding groups. The mean CEA level was higher in patients with extensive peritoneal seeding. Yajima et al (26) identified that the patients with higher serum levels of CA19-9 presented with advanced T stage, N stage and TNM stage cancer. However, Lee et al (11) revealed that there was a tendency towards increasing CEA levels with advancing stages of cancer, as well as increases in CA19-9 and CA72-4. In all the patients, the f correlation analysis indicated that there was significant correlation between the expression of CEA and CA72-4, and between CA72-4 and CA19-9. The correlation coefficients between CEA and CA72-4 and between CA72-4 and CA19-9 was <0.2, indicating a weak correlation. No significant correlation was identified between CEA and CA19-9. However, in certain of the subgroups, a significant correlation was identified between the expression of CEA and CA72-4, and between CA19-9 and CA72-4. The results in the present study revealed that CEA, CA19-9 and CA72-4 did not exhibit similar trends in positivity. Statistical analyses revealed that different patients presented with different biomarkers, even if the positive rate was determined to be similar among the three biomarkers.
In all 216 patients, a significant correlation was identified between the serum levels of CEA and CA19-9, of CEA and CA72-4, and of CA19-9 and CA72-4. In the T1/2 stage subgroup, no significant correlations between the serum levels of CEA and CA19-9, of CEA and CA72-4, and of CA19-9 and CA72-4 were identified. In the T3/4 stage subgroup, a significant correlation was identified between the serum level of CEA and CA19-9, and also between that of CEA and CA72-4, and an almost significant correlation existed between CA19-9 and CA72-4 (P=0.056). In the N stage subgroup, a significant correlation was identified between the serum levels of CEA and CA19-9, of CEA and CA72-4, and of CA19-9 and CA72-4 in N(+) stage patients, although not in N(-) stage patients. These results indicated that a significant correlation was identified between the serum levels of CEA, CA19-9 and CA72-4 in the late T and N stages, although not in the early T and N stages. However, the opposite was shown for the M stage. A significant correlation was identified between the serum levels of CEA, CA19-9 and CA72-4 in the M0 stage, although not in the M1 stage. There have been few studies published on the correlation among biomarkers. Han et al (29) obtained different results: Significant correlations between the serum levels of CEA and CA19-9 were identified in their laboratory for most patients, including the serosa-unexposed group (although not the serosa-exposed group), and patients with direct invasion, localized peritoneal seeding and extensive peritoneal seeding.
In conclusion, the present study identified only a weak correlation between the positive rates of CEA and CA72-4, and of CA19-9 and CA72-4, and no correlation was identified between the positive rate of CEA and CA19-9 in all the patients with GC, even if there was a marked correlation between the serum levels of CEA and CA19-9, CA19-9 and CA72-4, and CA19-9 and CA72-4. In addition, the positive rate and serum level of CEA did not increase with tumor progression, although the positive rate and levels of CA19-9 and CA72-4 did increase with tumor progression. These results indicated that different biomarkers presented positive in different cases and during different stages of GC. There was less co-presentation of CEA, CA19-9 and CA72-4 in patients with GC. Therefore, the combined value of the tests, particularly of CA19-9 and CA72-4, is complementary. The sensitivity of the three biomarkers in combination is greater than that of any of the biomarkers taken in isolation.
